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ABSTRACT 


The  purpose  of  this  study  was  to  investigate  the  feasibility  of 
fraese-dehydrating  biological  materials  by  extracting  frosen 
moisture  with  dry  cryogenic  liquids  in  the  presence  of  dessicants. 
Fre*>ae-dehydration  of  hydrated  gelatin  capsules  in  liquid  nitrogen 
and  liquid  nitrous  oxide  proceeded  too  slowly  to  be  evaluated. 
Dehydration  was  feasible  in  ethyl  ether  and  ethyl  alcohol  at  dry 
ice-alcohol  temperature  (-7B.5°C).  The  presence  of  a  dessicant 
In  the  dehydration  system  was  found  to  be  essential  for  complete 
drying.  A  sequential  vacuum  freese  drying- nitrous  oxide  critical 
point  dehydration  technique  was  used  to  obtain  porous  dehydrated 
meat  tissue.  Dehydration  of  partially  freeae  dried  meat  tlaaua 
(10%  residual  moisture)  was  also  carried  to  completion  (<1% 
moisture)  in  a  dry  liquid  at  -?S.S°C  in  the  presence  of  molecular 
sieves.  Preliminary  data  Indicated  that  microorganisms  can  be 
similarly  dehydratad  with  retention  of  viability. 


Preservation  of  Biological  Materials 
by  Freese -Drying 


Introduc  tlon 


This  final  report  covers  research  conducted  for  the  office  of  the 
Surgeon  General  on  contract  No.  DA-49-193-MD-2297,  entitled,  "Preservation 
of  Biological  Materials  by  Freese-Drylng**.  The  period  of  the  report  Is  from 
July  1,  1962  to  March  3!.  1964. 

The  purpose  of  the  study  was  to  Investigate  the  feasibility  of  dehyd- 
rating  biological  materials  by  extracting  frosen  moisture  with  superdry  liquids. 
V’ork  reported  in  the  literature  by  Mueller  and  Ssent-Gyorgl1*  had  shown  that 
freese-drylng  of  muscle  In  acetone  at  dry  Ice  temperature  does  not  denature 
protein  and  Is  capable  of  extracting  water,  In  their  technique  the  frosen  muscle 
was  kept  In  acetone  for  3  weeks  In  order  to  obtain  a  dehydrated  sample.  Appar¬ 
ently,  molecular  structure  and  contractility  were  not  destroyed  during  the 
storage  period.  The  proposed  technique  entailed  circulating  superdry  cryogenic 
liquids  around  frosen  biological  specimens.  Moisture  extracted  by  the  liquids 
would  in  turn  be  removed  by  passage  of  tits  liquid  through  molecular  sieves  or 
other  Suitable  drying  agents.  The  dry  liquids  would  then  be  recirculated  again 
as  a  dehydrating  medium. 

The  rata  of  freese -drying  under  vacuum  Is  governed  by  the  rate  of 
diffusion  of  water  molecules.  Despite  the  fact  that  diffusion  In  liquids  Is  slower 
Hian  In  gases,  It  was  thought  that  the  rate  of  water  removal  would  be  more 
rapid  when  frosen  moisture  Is  extracted  with  liquids  for  tils  following  reasons: 


1.  The  mechanical  sweeping  action  of  densely  packed  molecules  In  a 
liquid  Is  much  greater  than  that  obtained  with  the  rarefied  packing 
of  molecules  In  gases. 

2.  Heat  of  melting  Is  lowtr  than  heat  of  sublimation. 

3.  The  rate  of  heat  transfer  is  faster  In  liquids  than  In  gases  and 
very  considerably  faster  than  In  vacuum. 


Liquids  like  alcohol,  acetone,  etc.  show  a  great  physicochemical 
affinity  for  water.  This  sffect  Is  empioysd  to  advantage  In  rapid 
moisture  determinations  with  Karl  Fischer  reagents.  This 
method  Is  considerably  faster  than  tne  conventional  moisture 
procedures  of  drying  In  air  or  even  in  vacuum. 


5*  Contact  of  liquid  with  the  specimen  Is  much  better  (molecules  are 
at  closer  distance  from  each  other)  than  In  a  vacuum  (or  even  gas). 


1.  M u« lie-,  H.  and  A.  Sxent-Gyorgl,  Science  126  970-1,  1957 


Consequently,  the  total  mas*  of  extracted  moisture  per  unit  of 
time  should  be  gr  *ater  la  a  liquid,  though  the  specific  diffusion 
rate  may  be  slower* 

This  report  describes  the  various  research  approaches  Investigated 
to  endeavor  to  dehydrate  biological  specimens  In  cryogenic  liquids.  Critical 
temperature  dehydration,  vacuum  freese ‘drying  followed  by  critical  temperature 
dehydration,  and  dehydration  In  superdry  cryogenic  liquids,  were  also  tnvestl- 
gated  during  the  present  study. 


II.  Experimental  Studies 


A  thorough  literature  search  eras  conducted  as  the  Initial  phase  of 
work.  Information  was  complied  cm  (1)  effects  of  freezing  parameters  on  the 
structure  and  viability  of  biological  materials,  (2)  properties  of  dessicants, 

(3)  characteristics  of  liquid  nitrogen  and  liquid  nitrous  oxide  freezing  systems, 
and  (4)  evaluation  of  freese-drled  materials. 


In  the  Initial  experimental  studies  the  unit  illustrated  In  Fig.  1  was 
used  to  determine  whether  superdry  liquids  will  extract  rnolsturc  from  frosen 
hydrated  gelatin  capsules.  Gelatin  was  selected  as  the  substrate  because  it  Is 
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capsules  (15  x  3  x  0.1  mm)  were  cut  Into  a  flower  petal  shape,  p’  iced  In  a  copper 
Tvlre  screen  basket,  and  submerged  In  water  at  refrigeration  temperature  for 
varied  time  Intervals.  Capsules  weighing  approximately  0.04  g  gained  approx¬ 
imately  C.3  g  water  In  3  hrs  and  0.4  to  0.5  g  overnite.  The  baskets  containing 
♦w.  hydrated  gelatin  capsules  were  placed  In  glass  tubes  (25  %  300  mna)  containing 
a  dessicant  and  the  extracting  liquid  added  thereafter.  Dry  Ice -alcohol  (-78.5°C) 
end  liquid  nitrogen  (-1%®C)  were  used  as  cooling  battu. 


Molecular  sieves  and  magnesium  perchlorate  were  the  dessicants 
employed  to  absorb  water  which  might  diffuse  through  the  extracting  liquid  from 
the  frosen  gelatin.  The  dessicants  also  maintained  the  liquid  In  a  super  dry 
state  during  freese "drying.  Karl  Fischer  moisture  determinations  were  made  on 
the  liquid  and  gelatin  residues  after  freese -drying.  The  molecular  sieves  were 
regenerated  by  beating  in  a  muffle  furnace  at  600  to  650^C  with  an  air  dryer 
blowing  warm  air  over  the  surface  of  the  sieves.  Molecular  sieves  containing 
1.5%  water  dry  In  15  min.,  those  containing  5  to  7  dried  In  3  hrs. 


The  water  of  hydration  of  the  gelatin  capsules  Is  quantitatively  removed 
by  drying  in  an  air  oven  at  105®C  for  2  hrs.  Thus,  by  adding  the  extracted  water 
to  that  obtained  from  drying  die  gelatin  residue  In  tbs  oven,  and  dividing  by  the 
initial  water  of  hydration  one  can  determine  the  percent  water  recovery.  A  com¬ 
parison  of  tbs  weight  of  the  dried  residue  to  die  original  capsule  weight  will  also 
Indicate  whether  gelatin  has  been  lost  In  handling. 
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A.  Fmui  Dehydration  at  »ry  let  "Alcohol  Temperature  (-78,S°S) 


i.  Absolute  Alcohol  and  Ethyl  Ether 

Expcrlmantal  trials  wars  cosduetad  to  determine  th«  percent  moisture 
rtmovtd  from  hydra  tad  gala  tin  capsulat  during  storaga  In  absoluta  alcohol  and 
athyl  athar  at  dry  lea  tamparatura.  Hydratad  gelatin  capsules  wars  placed  In  a 
precooied  glass  tuba  containing  SO  g  molecular  sieves  and  to  this  was  added  SO  ml 
of  the  liquid  medium.  As  shown  la  Table  1,  moisture  is  extracted  from  hydratad 
gelatin  at  dry  ice  temperatures  by  absolute  alcohol  and  ethyl  ether  la  the  pre¬ 
sence  of  a  dessicant. 


Table  1 

Freese-Prying  of  Hydratad  Gelatin  in  Absolute  Alcohol 
and  Ethyl  Ether  at  Dry  Ice-Alcohol  Temperature 


Sample  liquid  Water  of  Tima  In  Liquid  Moisture  Extracted  V'ater 

No.  Medium  Hydration  plus  molecular  staves  Loss  of  Hydration 
.  .  . SL  ....  _ hr* _  R  _ _ 


* 

1 

Absolute 

Alcohol 

m  ^ 

U,DU£ 

£4 

at  a  / 

v.tot 

a*  w 

VC 

2 

Absolute 

Alcohol 

0.376 

48 

0.372 

99 

3a 

Absolute 

Alcohol 

0.368 

72 

0.319 

87 

4 

Ethyl 

Ether 

0.404 

48 

0.387 

96 

5* 

Ethyl 

Ether 

0.555 

72 

0.510 

92 

*  Molecular  slaves  were  not  predried 

b  Used  gelatin  previously  freese-drled  In  absolute  alcohol  (sample  2)  and  rehydrated 


2.  Petroleum  Ether  (boiling  range  30-60°C) 

A  series  of  experiments  were  performed  to  determine:  (1)  whether 
moisture  from  a  frosen  gelatin  capsule  will  diffuse  through  an  Immiscible  liquid; 

(2)  whether  the  presence  of  a  dessicant  in  the  liquid  facilitates  moisture  removal;  and 
()j  the  effectiveness  of  molecular  sieves  versus  magnesium  perchlorate  as  a  dessi¬ 
cant.  A  summary  of  the  results  obtained  In  these  exploratory  tests  Is  presented  In 
Table  2. 
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Table  2 

Freeze-Drying  of  Hydrated  Gelatin  In  Petroleum 
*“  fcther  at  bry  Ic?- Alcohol  Yemperature 


Sample  Water  of 


Dessicant  Time  in 


Moisture  Extracted  abater 


No.  Hydration 
S 


Liquid 

hrs 


Loss  of  Hydration 
% 


6 

0.432 

96 

0.067 

15.5 

7 

0.388 

. 

96 

0.053 

13.7 

8 

0.476 

• 

96 

0.123 

26.2 

9 

0.343 

Mol.  sieves 

24 

0.023 

7.3 

10 

0.295 

Mol.  sieves 

24 

0.041 

13.9 

1 1 

0.290 

Mol,  sieves 

48 

0.060 

20.6 

12 

0.284 

Mol. sieves 

48 

0.049 

17.3 

13 

0.291 

Mol.  sieves 

96 

0.083 

28.6 

14 

0.501 

Mg.  perchlorate 

24 

0.128 

25.6 

15 

0.499 

Mg.  perchlorate 

48 

0.366 

73.5 

16 

0.435 

Mg.  perchlorate 

96 

0.346 

79.5 

17 

Q.-636 

Mg.  perchlorate 

96 

0.318 

50.0 

The  results  indicate  that  water  does  diffuse  through  an  immiscible 
liquid,  that  magnesium  perchlorate  is  a  more  effective  dessicant  than  molecu¬ 
lar  sieves,  and  that  the  presence  of  a  dessicant  in  the  liquid  medium  accelerates 
moisture  extraction. 

B.  Freeze-Dehydration  at  Liquid  Nitrogen  Temperature  (-196°C) 


Freezing  and  drying  in  liquid  nitrogen  is  of  special  interest  since 
the  structure  and  viability  of  a  number  of  biological  materials  can  only  be 
preserved  at  this  temperature  during  extended  storage.  The  series  of  experi¬ 
ments  shown  in  Table  3  were  performed  to  obtain  information  on  moisture 
extraction  at  liquid  nitrogen  temperature.  These  preliminary  results  indi¬ 
cated  that  moisture  is  slowly  extracted  from  a  frozen  biological  material  In 
a  static  system  at  liquid  nitrogen  temperature. 

The  experimental  units  illustrated  in  Figs.  2  and  3  were  designed 
to  endeavor  to  Increase  the  rate  of  water  extraction  from  frozen  gelatin 
capsules  by  continuously  circulating  a  super  dry  liquid  across  the  surface  of 
the  frozen  specimen. 
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Tabic  3 

F  re  esc -Drying  of  hydrated  Gelatin  with  Liquid  Nitrogen 
in  Liquid  Nitrogen  Bath 


Sample 

No, 

Water  of  Dessicant 

Hydration 

8 

Time  In 
Liquid 
hra 

Moisture 

Loss 

8 

Extracted  tfater 
of  Hydration 
% 

18 

0.318 

96 

0.014 

4.4 

19 

0.289 

a 

96 

0.026 

9.0 

20 

0.475 

Mol.  sieves 

96 

0.094 

19.8 

21 

0.305 

Mol.  sieves 

96 

0.081 

26.6 

22 

0.315 

Mg,  perchlorata 

48 

0.131 

41.5 

23 

0.272 

Mg.  perchlorate 

120 

0.122 

45.0 

24 

0.273 

Mg.  perchlorate 

200 

0.156 

57.0 

The  procedure  employed  with  the  system  illustrated  in  Fig.  2  waa 
as  follows: 

Hydrated  gelatin  capsulea  in  individual  wire  mesh  baskets  were 
placed  in  a  one  liter  Virtia  freeae- drying  flask  containing  approxi¬ 
mately  250  g  dessicant.  The  flask  was  lowered  into  a  4  liter  Dewar 
containing  liquid  nitrogen.  Previously  dried  liquid  nitrogen  was  then 
pumped  into  the  flask  until  the  baskets  were  covered.  A  drying  tube 
was  Inserted  into  the  side  arm  of  the  flask  and  the  stirrer  turned  on. 

The  level  of  liquid  nitrogen  was  kept  constant  throughout  the  experi¬ 
ment.  Upon  completion  of  the  trial  the  flask  was  raised  out  of  the 
Dewar*  and  the  capsules  were  removed  and  placed  in  a  de  a  sic  a  tor 
for  3  minutes  prior  to  weighing. 

A  series  of  experimental  trials  was  conducted  to  determine  moisture 
loss  when  hydrated  gelatin  capsules  are  stirred  for  5  hours  with  liquid  nitrogen 
and  various  dessicants.  Previous  results  in  tube  experiments  had  indicated 
that  some  dessicants  are  more  effective  than  others  at  liquid  nitrogen  temper¬ 
ature.  The  results  of  these  experiments  are  illustrated  in  Table  4.  Controls 
were  run  by  placing  hydrated  gelatin  capsulea  on  top  of  the  dessicant  in  the 
freese-dryfng  flask,  fraccing  with  liquid  nitrogen  removing  the  capsules  from 
the  flssk  without  stirring,  and  then  weighing.  The  date  Indicates  that  moisture 
was  extracted  in  series  1-4,  however,  the  variation  in  moisture  loss  obtained 
under  supposedly  comparable  conditions  of  drying  precludas  positive  conclusions* 
Some  of  the  factors  that  conceivably  could  affect  the  results  are:  (1)  surface 
area  of  the  capsules,  (2)  efficiency  of  regenerated  deasicante  at  liquid  nitrogen 
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Freeze-Drying  of  Hydrated  Gelatin  Capsules  in  Liquid  Nitrogen 
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Table  4  (continued) 

Freeze-Drying  of  Hydrated  Gelatin  Capsules  In  Liquid  Nitrogen 

Experimental  Trials 


(S)  location  of  the  capiulti  the  flask  with  respect  to  the  circulation  pattern  of 
the  stirrer  and  proximity  to  the  dessicant  bed*  (4)  moisture  loss  during  handling 
of  the  frosen  capsules*  and  (5)  porosity  of  the  capsule  surface. 

Material  balance  studies  were  undertaken  to  endeavor  to  differentiate 
actual  moisture  loss  oue  to  irsese "□ffoyaroilun  from  “apparent**  moisture  loss 
aue  to  handling  and  other  experimental  variables.  It  was  determined  that  50  to 
70  mg  of  moisture  evaporated  between  the  time  the  hydrated  capsules  were 
weighed  and  frozen  in  the  drying  flask;  approximately  8  to  10  mg  were  lost  when 
the  partially  dehydrated  capsules  were  removed  from  the  flask  for  reweighing. 
Obviously*  extreme  care  must  be  taken  to  prevent  evaporation  of  moisture  from 
hyorated  samples*  and  moisture  condensation  or  evaporation  from  frosen  samples. 


C.  Dehydration  with  liquid  Kitrous  Oxide  (-88.5°C) 

Liquid  nitrous  oxide  theoretically  binds  6  molecules  of  water  and  forms 
a  hydrate.  To  determine  whether  this  strong  affinity  for  water  could  be  applied 
to  the  drying  of  frosen  hydrated  gelatin  capsules*  a  series  of  experiments  were 
performed  using  liquid  nitrous  oxide  obtained  from  the  Liquid  Carbonic  Company* 
Chicago. 


In  the  procedure*  gelatin  capsules  were  hydrated*  weighed*  and  Immedi¬ 
ately  frosen  by  immersion  into  liquid  nitrogen.  The  frosen  capsules  were  sub 
placed  in  a  freese -drying  flask  containing  250  g  Davison  mlcrotrape  542.  The  flask 
was  submerged  into  a  Dewar  vessel  containing  liquid  nitrous  oxide*  and  then  filled 
with  nitrous  oxide  poured  in  from  another  De\*ar  vessel.  An  electric  stirrer  was 
used  to  stir  the  nitrous  oxide  during  the  experimental  trial.  Upon  completion  of 
the  trial*  the  capsules  were  removed  from  flask,  placed  in  a  desslcator  for  2  min¬ 
utes*  and  weighed.  Moisture  mist  condensed  on  &e  surface  of  die  capsules  app¬ 
eared  to  be  removed  In  the  desslcator.  Control  capsules  were  similarly  treated 
except  that  they  were  removed  from  the  flask  after  5  minutes  in  the  nitrous  oxide 
bath.  Results  obtained  are  shown  In  Tabls  5.  It  is  apparent  from  the  table  that 
moisture  removal  Is  slow  under  the  conditions  of  the  experiment. 


Table  5 

f  recae -Drying  of  Hydrated  Gelatin  Capsules  in  Liquid  Nitrous 

Oxide^  ~ 


Control  Samples  Samples 


^'ater  of  Hydration 

.  .  mg  _ 

Moisture  Loss 

mR 

V’ater  of  Hydration 
m« 

Moisture  Loss 

mg 

361 

5 

360 

55 

316 

11 

350 

57 

30? 

3 

365 

50 

334 

5 

373 

33 

356 

10 

353 

49 

360 

2 

351 

w  w 

CD 

avg.  339 

6  -ii- 

359 

45 

avg. 


a  cipsuies  stirred  ior  24  hri  in  liquid  nitrous  oxide  containing  mlcrotrap*  (250gj 


D.  Acceleration  of  Moisture  gaTuwal  at  Cryogenic  Temperatures 

The  slow  rates  of  dehydration  obtained  In  liquid  nitrogen  (*193°C)  and 
liquid  nitrous  oxide  (*88,5°C)  Indicated  that  more  rapid  moisture  removal  would 
be  necessary  to  obtain  completely  dehydrated  samples.  A  number  of  experl* 
mental  approaches  were  evaluated  for  this  purpose. 

1.  Effect  of  mutual  solubility  properties  of  liquids  on  moisture  removal 

Timmermans2*  notes  that  adding  a  substance  which  Is  soluble  In  only 
one  or  two  liquids  In  a  mixture  causes  a  lowering  of  the  solubility  of  both  liquids 
In  each  other.  However,  if  the  added  substance  Is  miscible  with  both  liquids  then 
Its  presence  will  Increase  the  solubility  of  both  liquids  In  each  other. 

Liquid  ammonia  and  Freons  were  considered  as  additives  to  liquid 
nitrogen  *  hydrated  gelatin  systems  In  the  presence  of  molecular  sieves,  it 
was  thought  that  either  of  these  substances  might  possibly  act  as  a  solubility 
bridge  by  removing  water  from  the  gelatin  and  having  It  absorbed  In  the  desel* 
cant.  Experiments  performed  revealed  that  ammonia  Is  not  miscible  with  liquid 
nitrogen,  forming  whitish  flakes  when  dispersed  In  the  liquid  nitrogen.  Freons 
i l  and  13  are  miscible  with  liquid  nitrogen,  however,  they  have  a  very  limited 
solubility  for  water  (approximately  0.1  ppm  at  -100°F),  Freon  21  has  a  greater 
solubility  for  water  (12  ppm  at  =100°F),  but  is  Insoluble  at  liquid  nitrogen  temp* 
erature.  Preliminary  experiments  conducted  with  Freon  21  -  absolute  alcohol 
systems  at  dry  lce*alcohol  temperature  did  not  show  enhanced  moisture  removal- 
Further  work  on  this  approach  was  placed  In  abeyance  until  a  substance  la 
uncovered  which  has  a  greater  affinity  for  water  and  Is  more  miscible  with 
liquid  nitrogen  or  nitrous  oxide  than  Is  presently  available. 

2.  AssUcsiics  of  heat  duri*»g  dehydration 

v'lth  conventional  vacuum  fvcssc -drying  and  liquid  extraction.  It  Is 
thought  that  the  rate  of  freese*drying  is  not  limited  by  mass  transfer  (i.e.  passage 
of  water  vapor  from  fee  Interior)  but  rather  by  heat  transfer.  Accordingly,  It 
appeared  likely  that  Increased  rates  of  moisture  removal  at  cryogenic  tempera* 
tures  might  be  obtained  by  applying  external  heat  to  fee  specimen  during  debydra* 
Hon. 


Brlskeat  fiber  glass  Insulated  heating  tapes3*  were  placed  Inside  teat 
tubes  and  the  temperatures  calibrated  by  rheostat  settings.  In  the  procedure 
fee  tubes  were  coated  on  the  outside  wife  a  107*  gelatin  solution,  weighed,  and 
immersed  Into  the  cryogenic  liquids.  The  current  transmitted  through  fee  tapes 
during  dehydration  approximated  0,8  amperes.  Although  10%  moisture  loss  was 

2.  Timmermans*  ls  Zeitschrlft  fur  Physlkallsch#  Ghemle  58  129*213,  1907 

3.  Brisco  Manufacturing  Company,  Columbus,  Ohio 

*12* 


achieved  la  3  to  5  hr*  *s  compared  with  12  hr*  without  heating,  further  signl- 
ficant  Tiolttur*  removal  «ai  not  obtained.  /  pparently  the  surface  of  the 
gelatin  capeulea  dehydrate  a  rapidly  and  further  diffuaion  of  moiature  into  the 
cryogenic  lu|i>ida  beco-nea  limited.  Additional  teat*  confirmed  the  initial 
observations  dut  the  extent  of  moiature  removal  from  frozen  gelatin  at 
cryogenic  temperatures  «•*  not  enhanced  by  the  levels  of  current  employed 
for  these  studies. 

5*  Measurement  bf  moisture  loss  atcryosenic  temperatures 

Considerable  difficulty  was  experienced  In  obtaining  reproducible 
and  accurate  measurements  of  moiature  removed  from  hydrated  gelatin  at 
liquid  nitrogen  and  liquid  nitrous  oxide  temperatures.  Due  to  the  wld<n  temp* 
erature  range  between  liquid  nitrogen  (-I9J°C)  and  ambient  temperature  (23°C), 
moisture  condenses  immediately  on  the  surface  of  the  capeulea  as  they  are 
removed  from  the  liquid  nitrogen  in  the  Dearer  vessel.  Although  controls  were 
run  concurrently  to  compensate  for  this  effect,  the  question  arose  whether 
such  an  Indirect  procedure  accurately  measures  moiature  extracted. 

To  obviate  the  effect  of  moiature  condensing  on  tho  cold  gelatin 
surfaces,  radioactive  trltlated  water  wee  used  for  hydrating  the  gelatin  capeulea 
prior  to  immersion  in  liquid  nitrogen  or  liquid  nitrous  oxide.  Radioactivity 
was  measured  La  microcuries  per  milligram  of  sample  before  and  after  treat¬ 
ment.  A  Trl-Carb  liquid  scintillation  counter  was  used  to  make  the  radioacti¬ 
vity  counts.  The  moiature  loss  in  capsules  stirred  for  24  hrs  In  liquid  nitrous 
oxide  containing  molecular  sieves  as  a  dessicant  was  determined  to  be  approx¬ 
imately  10%  by  direct  weighing  and  by  trltlated  water  counts.  This  correlation 
suggested  that  weighings  were  euiflc lastly  accurate  for  exploratory  studies. 

Drying  in  Absolute  Alcohol  and  Ethyl  Ether 

Experiments  were  performed  to  determine  whether  moisture  is 
extracted  from  hydrated  gelatin  in  the  presence  of  dessicants  as  readily  is 
ether  as  in  absolute  alcohol.  Considering  the  limited  solubility  of  In 

other  as  compared  to  alcohol,  greater  solubility  in  ether  could  be  indicative 
of  a  higher  diffusion  rate  rather  than  an  overall  solubility  relationship.  In 
the  experimental  studies,  hydrated  gelatin  capsules  were  placed  in  glass  tubas 
containing  30  grams  molecular  sieves  3A.  and  40  ml  ether  or  alcohol.  The 
samples  were  kept  at  room  and  dry  ice  temperatures.  The  data  obtained  is 
shown  In  Table  6.  These  preliminary  results  suggest  that  with  hydrated 
gelatin  capsules  containing  approximately  400  mg  of  water  of  hydration, 
moisture  is  extracted  to  a  greater  degree  in  ethyl  ether  than  in  absolute 
alcohol* 


TabU  6 

Prying  of  Hydrated  Gaia  tin  CopiuUi  in  Absolute  Alcohol 

and  Ethyl  Ether 


Moisture  Loss,  % 

Solvent  Time  of  Drying  ftoom  Tempera  ture(23°C)  Dry  Ice  (78.5°C) 


Days 

without 

dessicant 

with 

dessicant 

without 

dessicant 

with 

dessicant 

Absolute 

5 

76.5 

81.0 

24.0 

29.0 

alcohol 

15 

77.4 

79.4 

27.2 

32.4 

Ethyl 

5 

98.0 

99.5 

28.2 

38.8 

Ether 

15 

98.4 

99.5 

37.3 

71.4 

It  ia  apparent  from  the  data  that  ethyl  ether  extracts  more  molature  than  doe  a 
absolute  alcohol  from  hydrated  gelatin  at  both  room  and  dry  Ice  temperatures. 
The  presence  of  a  dessicant  In  the  dehydrating  solvent  enhances  the  dehydra* 
tlon  particularly  at  the  dry  Ice  temperature.)  These  observations  again  emph¬ 
asise  that  the  aolubl.'ity  of  water  in  the  solvent  may  not  be  the  basic  considera¬ 
tion  In  dehydration  with  solvents.  Ethyl  ether  has  a  limited  solubility  for  water 
yet  it  extracted  moisture  more  readily  than  ethyl  alcohol  which  Is  completely 
mlscibU  with  water. 

Another  series  of  experiments  were  performed  to  determine  whether 
piefreezlng  of  hydrated  gelatin  capsules  in  liquid  nitrogen  might  be  advan¬ 
tageous  for  subsequent  dehydration  ia  ethyl  ether*  Prefreezing  conceivably 
could  help  eliminate  artifacts  during  freese -drying  and  might  also  be  necessary 
fer  Teisatlsa  of  viability  oi  frozen  biological  tissues*  Table  7  shows  that 
prefreezing  does  not  adversely  affect  the  extent  of  dehydration.  Further  work  Is 
Indicated  to  determine  whether  viability  is  affected  by  prefreezing  with  liquid 
nitrogen. 


Experiments  were  conducted  to  compare  the  dehydration  of  gelatin 
capsules  In  ethyl  ether,  petroleum  ether.-  and  absolute  ethyl  alcohol  at  dry 
ice  and  room  temperatures. 

Hydrated  gelatin  capsules  were  weighed  and  then  prefrocen  in  either 
liquid  nitrogen  or  cold  ethyl  ether  (-78.5°C).  The  capsules  were  then  placed 
in  tubes  containing  30  g  Linds  molecular  sieves  No.  5A  and  approximately 
60  ml  of  cold  solvent  was  added.  The  tubes  wsre  kept  in  a  Dewar  flask  con¬ 
taining  dry  ice  and  alcohol  (-78.5°C),  At  various  time  intervals,  the  capsules 
were  removed  from  the  tubes,  and  weighed  after  solvent  removal  by  evaporation. 
The  f rosea  capsules  were  then  returned  to  the  tubes.  Controls  consisted  of 
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TabU  7 


Prefreaslng  and  Drying*  of  F  rcstft  Hydrated  Galatia  CapsuUs 


Treatment  of 

Water  of 

Water 

%  Moisture 

Hydrated  Capsule*  Hydration,  ms 

loss,  mg 

Loss 

frozen,  drying  In 
ethyl  ether,  without 

76 

A  A 

64*0 

dessicant 

7? 

46 

58.2 

97 

55 

55.3 

avg 

59.2 

froaen,  drying  In 
ethyl  ether  with 

63 

44 

69.8 

dessicant 

115 

43 

37.2 

98 

54 

55.0 

avg 

54.0 

frozen  in  liquid  nitrogen,  87 

47 

54.0 

drying  in  ethyl  ether 
without  dessicant 

87 

40 

45.9 

105 

41 

39.0 

avg 

46.3 

frozen  in  liquid  nitrogen,  82 

54 

65.6 

drying  in  ethyl  ether 
with  dessicant 

88 

57 

64.7 

84 

55 

63.5 

avg 

64.6 

“drying  at  dry  ice  temperature*  for  15  day*;  dessicant  wai  molecular' sieves 
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hydrated  gala  tin  capsule*  m  solvents  at  room  temperature.  Results  shown  In 
Table  8  art  expressed  as  percentage  water  removal  based  on  water  of 
hydration  (avg.  of  3  detns.). 


Table  S 


Dehydration  of  Frosen  Gelatin  Capsules  In  Solvents  at  Dry  Ice 

and  Poom  Temper  ature 


Solvent 

Temperature 

°C 

Moieter#  P  t'nvVal,  % 

3  days  6  days 

w_i 

a  wvbla 

Psmoved. 

petroleum 

25 

80.5 

19.6 

100.1 

ether 

-78.5 

14.0 

0.0 

14.0 

sthyl 

25 

100.0 

0.0 

100.0 

ether 

-78.5 

48,5 

31.6 

80.1 

/  b  solute 

25 

80.5 

9.3 

89.8 

ethyl  alcohol 

-78,5 

18.5 

40.5 

59.0 

The  resulte  again  confirm  previous  observations  that  ethyl  ether  extracts 
more  moisture  from  frosen  hydrated  gelatin  capsules  at  dry  Ice  temperature 
than  does  absolute  ethyl  alcohol  or  petroleum  ether.  It  is  of  Interest  that  In 
the  static  system  described  moisture  diffuses  from  frosen  capsules  Into  bote 
polar  and  non -polar  solvents. 

To  determine  whether  the  presence  of  a  dessicant  and  stirring  of  the 
solvent  enhances  moisture  removal,  experiments  were  performed  wherein 
frosen  hydrated  gelatin  capsules  were  placed  directly  over  molecular  sieves 
In  a  stirring  flask  containing  cold  ethyl  ether.  The  flask  was  kept  submerged  In 
a  dry  Ice-alcohol  bath  (•78,5°C)  throughout  the  run.  Control  samples  wsre 
similarly  run  except  teat  dessicant  was  not  present  In  the  stirrotg  flask.  The 
results  obtained  are  shown  In  Table  9. 
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Table  9  Dehydration  of  Frozen  Gelatin  Capsules  In  an 
Agitating  Solvent  System  (ethyl  ether) 
(Linde  Molecular  Sieves  bio.  5^] 


Moisture  Removal,  (%  of  Water  of  Hydration). % 


Sample 

13  hrs 

26  hrs 

39  hrs 

with  dessicant 

44.3 

63.5 

66.6 

without  dessicant 

33,9 

52.7 

58.5 

(Each  value  represents  an 

average  of  6  determinations) 

For  purposes  of  comparison,  drying  of  frozen  capsules  with  ethyl  ether  in 
a  static  system  (Table  8)  for  3  days  (72hrs.)  only  removed  48.5%  moisture. 

The  results  shown  in  Table  9  indicate  that  stirring  and  the  presence  of  a 
dessicant  accelerates  moisture  removal.  In  approximately  one  day  (26  hrs.), 
63.5%  moisture  was  removed  from  the  frozen  gelatin  capsule  in  an  agitating 
system  containing  dessicant. 

Another  variable  affecting  the  rate  and  extent  of  moisture  removal  appears  to 
be  the  degree  of  water  of  hydration  of  the  capsule.  As  shown  in  Table  10,  less 
moisture,  percentage-wise,  was  removed  per  unit  time  from  capsules  with  high 
water  of  hydration  than  from  those  with  less  hydration.  Available  surface  area 
and  the  possibility  of  surface  constriction  are  factors  that  could  affect  moisture 
removal  rate. 

Although  dehydration  of  frozen  biological  materials  in  liquid  nitrogen  and  liquid 
nitrous  oxide  has  been  found  to  proceed  too  slowly  fcr  practical  purposes,  dehy¬ 
dration  in  solvents  at  dry  ice  temperature  (-78.5)  is  feasible.  The  solvent  system 
must  be  selected  on  the  basis  that  it  does  not  adversely  affect  structure  and 
viability.  (Fluoroaicohols,  freons,  are  possible  solvents.) 
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Table  10.  Effect  of  Degree  of  Water  of  Hydration  on  Moisture 
Extraction  from  Froxen  Gelatin  Capsules 
(stirring  in  ethyl  ether  at  -65°  C.  Linde  Molecular  Sieves  No.  5A) 


Water  of 

Hy  Iration,  mg 

15  hrs 

Moisture  Extraction,  > 

26  hrs 

39  hrs 

69.5 

63.3 

69.0 

72.0 

83.0 

59.0 

67.5 

67.5 

OK  A 

/«#•  V 

54.8 

65,3 

67.3 

Avg.  82.5 

59.0 

67.3 

68.8 

210.5 

32.5 

45.5 

49.5 

204.0 

36.0 

45.0 

49.5 

277.0- 

20.8 

30.3 

32.1 

Avg.230.5 

29.8 

40.3 

43.7 

F.  Critical  Point  Dehydration  with  Nitrous  Oxide 

Anderson^  working  with  a  carbon  dioxide  critical  point  system 
demonstrated  that  by  entirely  eliminating  any  liquid-vapour  surface  dehy¬ 
dration,  the  method  preserves  the  structure  of  extended  and  fragile  materials 
and  eliminates  artifacts  due  to  surface  tension.  Critical  point  and  freese 
dtying  methods  give  comparable  results  when  applied  to  small  objects  like 
viruses  and  microorganisms.  However,  for  larger  more  fragile  structures, 
i.e.  red  cell  ghosts,  dehydration  is  better  accomplished  with  the  critical 
point  method,  possibly  because  cooling  and  consequent  brittleness  of  the 
specimen  is  avoided. 

In  the  critical  point  method  employed  by  Anderson,  a  series  of 
miscible  liquids,  comprising  alcohol,  amyl  acetate,  and  liquid  carbon  dioxide, 
were  used  as  the  dehydrating  medium  in  a  metal  cylinder  at  2^  C  By  raising 
the  temperature  to  45°C,  (safely  above  the  31°C  critical  point  of  carbon  dioxide) 
the  carbon  dioxide  is  released  as  a  gas  through  an  escape  valve.  The  dehy¬ 
drated  sample  remains  in  the  cylinder. 

3.  Anderson,  T.F.  Proc,  Intern.  Conf.  Electron  Microscopy,  London,  pp  122-129, 

1954. 
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Solvents  such  as  s»«.ohol,  amyl  acetate  and  liquid  carbon  dioxide 
may  not  adversely  affect  gross  structure,  but  they  could  adversely  affect 
the  viability  of  dehydrated  biological  materials.  Nitrous  oxide  Is  known 
to  be  innocuous  and,  based  on  our  studies  with  dehydration  in  cryogenic 
liquids,  a  critical  point  system  containing  liquid  nitrous  oxide  and  mole¬ 
cular  sieves  (dessicant)  appeared  advantageous  as  a  dehydration  medium. 
Also,  since  dehydration  of  gelatin  capsules  in  liquid  nitrous  oxide  (•88“C) 
proceeds  very  slowly,  it  was  of  interest  to  determine  whether  liquid  nitrous 
oxide  in  a  critical  point  system  would  dehydrate  gelatin,  meat  tissue  and 
blood. 


T^e  general  procedure  was  a  modification  of  that  described  by 
Anderson  and  entailed  placing  75g  Linde  Molecular  Sieves,  No.  3A,  in  a 
ateel  cylinder  (1-31/32  In.  od  x  12-7/8  in.  long),  covering  the  dessicant  with 
a  screen,  and  adding  the  tect  samples.  Ths  cylinder  was  sealed  with  a 
special  valve4,  placed  in  a  4°C  water  bath,  and  connected  to  a  nitrous  oxide 
cylinder.  Liquid  nitrous  oxide  flews  into  the  experimental  cylinder  and  is 
allowed  to  stand  for  30  min.  to  equilibrate.  The  large  nitrous  oxide  cylinder 
Is  then  disconnected  and  the  small  cylinder  weighed  to  determine  whether 
there  it  complete  fill.  Pressure  in  the  cylinder  reaches  750  lb/sq  in. 

After  a  specified  time  interval,  the  cylinder  is  placed  in  a  45-47°C  water  bath 
(critical  point  of  nltroua  oxide  Is  36.5  C)  for  20  min.,  whereupon  the  pressure 
rises  to  1080  lb/sq  in.  The  gas  is  then  allowed  to  escape  at  a  controlled 
rate  to  prevent  cooling  and  reverse  condensation  inside  of  the  cylinder. 
Moisture  loss  Is  determined  by  weighing,  and  comparisons  made  with  oven 
drying  values. 

The  moisture  content  of  the  materials  used  in  the  experimental 
studies  were: 


Material 

gelatin 

beef  tissue 

ground  beef 

pork  tissue 

rabbit  blood,  citrated 


Moisture8  * 


Content,  % 

106  (water  of  hydration) 


71.8 


Cm  r 


71.5 

85.5 


a.  Ovendrying,  15  hrs  at  i C0°C 

Initially,  experiments  were  performed  to  determine  the  effect  of  time  in 
liquid  nitrous  oxide  and  bleeding  out  time  on  the  rate  of  dehydration  and  on 
the  physical  characteristics  of  the  dehydrated  materials. 


4.  Supplied  by  Liquid  Carbonic  Co. 
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At  shown  in  Table  11.  complete  dehydration  of  blood,  gelatin,  and  meat 
tissue  can  be  obtained  In  a  liquid  nitrour  oxide-dessicant  critical  point 
system.  Control  runs  using  nitrous  oxide  gas  in  place  of  liquid  nitrous 
oxide  under  pressure,  and  those  wherein  the  dessicant  was  removed  showed 
significantly  lower  dehydration.  The  dehydrated  materials  obtained  by 
critical  point  drying  were  not  entirely  satisfactory  since  they  were  not  very 
porous  and  appeared  ahrunken.  However,  critical  point  dried  specimens 
were  more  porous  and  less  shrunksn  than  air  or  dessicator  dried  samples. 


Table  l|. 

Nitrous  Oxide  Critical  Point  Dehydration 


lologfcal 


te  rials 


Time  in  Liquid 
Nitrous  Cjddc ,  Hrs. 


Bleeding 

<ri_.  _i_ 

S  Stilt.  |  411AM. 


Moisture  Percent  of 

f  it  TaIsI  L£aI  efiivA 

MV  e  o  |  m  •  w  hi.  s  «  ww  w 


Blood,  rabbit, 
citrated 

(Control) 
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Table  12 

Nitrous  Oxide  Critical  Point  Dehydration  of  Meat  Tissue 


Dessicant  in  system  was  Linde  Molecular  Sieves  No.  3A,  1/8“  pellets 
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Table  12.  (continued) 

Nitrous  Oxide  Critical  Point  Dehydration  of  Meat  Tissue 


C .  Sequential  Vacuum  fre<»<  Drying-Critical  Point  Dehydration 

Upon  further  consideration,  we  concluded  that  vacuum  freeze  dehydration 
followed  by  critical  point  treatment  would  be  an  effective  drying  technique.  Vacuum 
freeae-drying  of  meat  tissue  is  relatively  rapid  down  to  about  10  to  15%  residual 
moisture.  Further  dehydration  to  approximately  1%  proceeds  slowly  since  It  is 
difficult  to  remove  wat*v  from  the  moist  center  core.  During  dehydration,  case 
hardening  or  contraction  of  the  surface  oftimes  occurs  and  adversely  affects  re¬ 
constitution.  Vacuum  freeae-drying  of  tissue  to  10  to  15%  moisture  (to  fix  the 
porous  structure),  followed  by  rapid  completion  of  dehydration  in  a  liquid  nitrous 
oxide  critical  point  system  should  permit  final  drying  at  an  accelerated  rate  and 
without  further  alteration  of  structure  or  surface  properties.  This  may  also  serve 
to  enhance  viability  retention.  Table  13  presents  drying  data  obtained  by  the  com¬ 
bined  dehydration  techniques. 

The  data  indicates  that  critical  point  dehydration  can  be  successfully  em¬ 
ployed  to  obtain  complete  drying  following  initial  freeae-drying.  The  dehydrated 
tissue  is  porous,  hydrates  rapidly,  and  has  very  good  surface  appearance.  Appar¬ 
ently,  the  critical  point  treatment  accelerates  the  rate  of  moisture  removal  without 
significant  alteration  of  structure.  Hydration  of  a  vacuum  freeze-dried  sample  of 
ground  beef  approximated  02%  of  the  original  moisture  content  compared  to  165% 
for  a  sample  that  was  partially  freeze-dried  and  drying  completed  by  the  critical 
point  technique,  with  whole  beef  tissue  strips,  approximately 60%  rehydratlon  was 
obtained  by  both  techniques.  Microscopic  examination  of  the  dehydrated  tissues 
revealed  no  further  alteration  of  structure  by  critical  point  dehydration. 

Examination  of  the  data  reported  in  Table  14  raised  the  question  of  the 
high  moisture  recoveries  after  critical  point  dehydration  (up  to  124%).  This  was 
particularly  evident  with  the  drying  of  ground  meat  by  both  the  critical  point  dehy¬ 
dration  and  the  freeze-dry  critical  point  dehydration  techniques.  The  high  values 
suggested  that  some  constituent  in  addition  to  moisture  was  being  extracted  from 
the  meat  tissue  during  the  treatment  with  liquid  nitrous  oxide.  Subsequently,  we 
found  that  the  difference  can  be  attributed  to  extraction  of  lipid  material  by  liquid 
nitrous  oxide,  W uk  —knu  m..t  ths  extraction  of  lipids  was  !<>a*  significant. 

H.  Histological  Examination  of  Dehydrated  Meat  Tissues 

Samples  of  dehydrated  meat  were  submitted  as  coded  numbers  to 
Dr.  Catchpole,  Department  of  Pathology,  University  of  Illinois  Medical  School, 
for  examination  of  lipid  composition.  The  actual  samples  were  as  follows; 

1  -  Whole  pieces  of  beef,  vacuum  freeze  drying  and 
nitrous  oxide  critical  temperature  drying 
i  -  Whole  pieces  of  beef,  vacuum  freese  drying 

3  -  Whole  pieces  of  beef,  vacuum  freese  drying  and 
carbon  dioxide  critical  temperature  drying 

In  order  to  prepare  a  solution  of  lipid,  40  mg  of  the  preparations  1,  2,  3,  were 
weighed  out,  finely  chopped  with  s  raaor  blade  and  extracted  with  1  ml  of  a 
chloroform-methanol  mixture  4:1  v/v/2  days.  The  extract  was  centrifuged  hut 
because  it  did  not  settle  very  well,  a  plug  of  cotton  previously  extracted  with 
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Table  13 

Dehydration  of  Meat  Tissue  by  Vacuum  Freeze  Drying  -  Critical  Point  Dehydration 


chloroform-methanol  «ai  Introduced  Into  the  tube  and  the  extract  could  then  be 
aspirated  from  solid  material. 

Comparison  of  the  lipid  material  extracted  from  the  three  specimens 
was  done  in  a  semi-quantitative  manner  by  using  the  method  described  by  Hack, 
Biochemical  J.  54,  602-5,  1 953.  The  method  provides  a  visual  demonstration  of  the 
relative  amounts  and  kinds  of  various  lipids  present.  The  method  is  thought  to  be 
far  superior  to  histological  diagnosis  on  sections.  For  more  accurate  quantitation 
of  lipids,  gas  chromotography  would  need  to  be  used. 

Comparison  1:  0.1  ml  of  the  solution  was  carefully  pipetted  into  an  8mm  pencilled 

circle  drawn  on  Whatman  filter  paper  #1.  (10cm  approx,  circlea  were  uaed.)  The 
solution  was  evaporated  after  the  application  of  each  droplet  by  an  air  current.  When 
all  the  solution  had  been  placed,  chloroform-methanol  was  similarly  added  to  enlarge 
the  spot  to  about  14  mm.  diameter,  and  the  spot  dried  by  evaporation.  Finally, 
acetone  was  added  drop  by  drop  so  that  the  diameter  of  the  wet  spot  Increased  about 
2  mm  per  second  to  give  a  final  ring  of  about  50  mm  (this  takes  about  half  a  minute). 
The  ace  tore  ring  dries  promptly  and  la  ready  for  staining. 

o 

In  this  run  it  was  elected  to  divide  the  circle  into  90  sectors  and  to  stain 
them  respectively  with, 

alpha-  Sudan  black 

beta-  Periodic  add-leucofuchsln 

gamma-  Oil  red-O 

delta-  Plaamal-  Mercury  bichloride-leucofuchsin. 

Comparison  2:  Methanol  was  used  instead  of  acetone  to  develop  the  spot. 

The  sector  in  this  case  was  divided  into  5-  approx.  sectors  and  stained  as 
follows: 


alpha- 
beta- 
gamma - 
delta- 
epsllon- 


O anile  acid 
Plaamal 
Oil  red-O 

Periodic  acid-leucofuchsin 
Sudan  black 


In  a  final  comparison,  amounts  of  0.02,  0.04,  and  0.06  ml  of  the  three  solutions  were 
pipetted  into  16  mm  circles  and  stained  as  a  whole,  after  bisecting  the  circles  with: 


1.  Oil  red-O 

2.  Plaamal 


These  were  selected  as  the  most  favorable  for  visual  comparison.  In  addition, 
they  atain  essentially  different  groups  of  lipids  as  shown  by  the  first  two  tests. 


I 


Rttulii:  Lipid  was  present  In  all  three  specimens.  By  inspection  of  the  total  Upid 

spots*  based  on  oil-red-O  and  ptasmal  staining*  apecimen  3  may  have  fractionally 
more  lipid  than  #2,  and  #2  than  #1.  However*  only  a  single  extract  was  studied*  and 
this  of  a  particular  sampling  of  tissue.  Thus  one  la  more  impressed  with  the 
similarities  of  these  preparations  than  with  their  differences.  Since  the  above  two 
reagents  nick  up  different  classes  of  compounds,  and  since  they  vary.  If  at  all,  in 
the  same  sense,  then  these  2  classes  are  not  differentially  extracted  by  the  original 
preparative  agents. 

In  a  general  way.  Sudan  black  and  oil  red-O  stain  neutral  fata  (trigly¬ 
cerides).  In  the  acetone  chromatogram  these  appear  in  the  outer  ring  because  of 
acetone-solubility.  Here  #3  looks  a  bit  denser  than  #2.  In  the  methanol  chromato¬ 
gram,  most  of  these  compounds  do  not  move  from  point  of  origin.  Here  alao  #3  shows 
a  greater  density  and  some  indication  of  a  deeper  colored  halo.  A  small  fraction 
moves  to  the  periphery. 

Osmium  stains  unsaturated  fata  and  aldehydes  which  remain  at  the  point 
of  origin  in  the  methanol  chromatogram  and  were  not  run  with  acetone. 

Plasmal  test  (Feulgen)  demonstrates  fatty  aldehydes  which  were  oxidised 
by  HgCl2&nd  then  stained  with  leucofuchsin  (Schiffs  base).  With  acetone  they  remain 
at  the  origin  with  a  alight  spreading  penumbra.  With  methanol  the  fraction  splits  with 
most  of  it  going  to  the  outer  ring,  aome  staying  at  the  origin.  In  these  chromatograms 
#2  looks  more  prominent  than  #3*  but  this  was  not  conclusive. 

PAS  test  (Periodic  acid  leucofuchsin).  Periodic  acid  oxidises  1:2  glycols 
to  aldehydes*  and  the  compounds  containing  these  linkages  in  this  particular  extract 
are  no  doubt  glycolipids.  They  stay  at  the  origin  with  acetone.  Not  much  difference 
between  1,  2,  3.  The  chromatogram  with  methanol  was  poor  undoubtedly  due  to  too 
great  dilution  of  the  material  which  is  largely  dispersed  to  the  periphery  with  this 
solvent.  A  trace  of  material  stays  at  the  origin. 

Conclusion  Extraction  of  preparations  1,  2,  3  with  a  lipid  solvent  showed 
qualitatively  and  semi -quantitatively  the  same  lipid  composition  and  amounts.  There 
was  no  indication  of  differential  extraction  of  lipids  during  the  processes  of  prepara¬ 
tion  of  the  specimens. 

Although  lipid  extraction  needs  to  be  examined  further*  the  results  obtains 
do  indicate  that  partially  freeae-dried  meat  tissue  can  be  completely  dried  by  ex¬ 
tracting  residual  moisture  with  solvent  in  the  presence  of  a  dessicant.  By  selecting 
a  solvent  system  that  will  not  extract  lipids*  it  should  be  possible  to  develop  the 
freese-dry  critical  point  dehydration  procedure  so  that  biological  tissues  can  be 
dried  in  a  relatively  short  time  with  minimal  alteration  of  structure.  Since  the 
number  of  solvents  available  with  critical  point  temperature  s  in  a  practical  range 
is  limited,  comparable  results  might  be  obtained*  albeit  at  a  slower  rate  of  drying, 
by  placing  partially  freese-dried  samples  in  a  cold  solvent  system  containing 
dessicant.  The  porosity  of  the  freese-dried  samples  would  permit  the  superdry 
solvent  to  come  into  contact  with  the  residual  moisture  present  in  the  core  of  the 
sample.  Thua,  the  moisture  would  be  extracted  under  mild  conditions  which  should 
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not  adversely  affect  structure  or  surface  properties.  In  this  manner,  the 
elimination  of  a  refects  during  Creese-drying  of  biological  tissue  in  cryogenic 
liquids  should  be  feasible.  Various  solvents  Including  ethyl  ether,  alcohol, 
s«Uvr  dioxide,  dichloromethane,  dimethyl  sulfoxide,  etc.  could  be  evaluated 
for  this  purpose. 

3.  Viability  Retention  of  Organisms 

A  series  of  experiments  were  conducted  to  measure  the  effect  of 
liquid  nitrous  oxide  on  the  viability  of  organisms,  and  to  determine  whether 
viable  organisms  can  be  dehydrated  in  a  cold  solvent  containing  dessicant. 

1,  Effect  of  liquid  nitrous  oxide  at  SO°Cr 


In  the  critical  point  dehydration  procedure,  the  liquid  nitroua 
oxide  in  the  cylinder  is  released  as  a  gas  at  a  controlled  rate.  During  the 
bleed  time  the  cylinder  is  kept  in  a  50°C  water  bath.  The  question  arose  as 
to  whether  organisms  can  survive  contact  with  liquid  nitrous  oxide  at  50°C. 

A  base  suspension  of  E.  Coli  in  dextran  (25%)  containing  monosodium 
glutamate  was  used  as  the  test  medium.  One  milliliter  aliquots  of  the  base  sus¬ 
pension  were  froxen  in  test  tubes  and  lyophilised.  The  tubes  were  then  placed 
in  the  critical  point  dehydration  cylinder  in  contact  with  liquefied  nitroua  oxide. 
The  cylinder  was  immediately  put  into  a  50°C  water  bath  in  order  to  reach  the 
critical  temperature,  and  the  gas  was  bled  over  60  and  90  min.  intervals. 

Table  15  shows  that  under  the  conditions  of  the  experiment  approximately  70% 
of  the  organisms  present  after  freeae-drying  were  inactivated.  Whether  this 
is  due  to  the  solvent  action  of  nitrous  oxide  or  the  elevated  temperature  (50°C  ) 
remains  to  be  determined.  However,  it  is  noted  that  50%  of  the  organisms 
retained  viability  under  the  conditiona  of  critical  point  dehydration. 

Table  14 

Effect  of  Liquid  Nitrous  Oxide  on  E^Cjj^Suspenslons 


Conditions 
of  Vacuum 
Freese- Drying 

Critical 

Temperature 

Bleed  Time,  Min. 

Bacteria 
Count 
<x  104) 

Viability  Retention 
(based  on  freexe- 
dried  suspension) 

% 

15  hr s  at  -65°C 

4800 

100.0 

15  hr  a  at  -65°C 

60 

1  i  10 

23.4 

15  hr s  at  -6S°C 

60 

1508 

31.4 

72  hrs  at  -65?  C 

es 

840 

100.0 

2  hrs  at  2^C 

72  hrs  at  -65°C 

60 

270 

32.0 

2  hrs  at  25°C 

72  hrs  at  -65°C 

704 

100.0 

12  hrs  at  25°C 

72  hrs  at  -6^C 

12  hrs  at  2^C 

90 

-27- 

141 

20.0 

2.  Viability  of  E,  CoU  in  cold  alcohol 


Tubes  containing  1  ml  of  bacterial  suspension  were  frosen  with 
dry  ice  and  then  submerged  in  cold  alcohol  (•?7°C)  containing  molecular 
sieves  Ho.  10x«  1/8“  pellets.  At  specified  time  intervals  individual  tubes 
were  removed  from  the  alcohol,  drained  and  immediately  placed  under  vacuum 
at  -59° C  for  60  minutes  to  remove  residual  alcohol.  The  tubes  were  then 
diluted  with  sterile  water  and  plated  out.  Table  13  indicates  that  the  fro  sen 
bacterial  suspensions  lose  viability  as  a  function  of  time  in  contact  with  the 
cold  alcohol.  A  more  innocuous  solvent  system  would  be  necessary  for 
practical  consideration  of  this  means  of  dehydration. 

Table  15 

Effect  of  Alcohol  and  Dessicant  **  on  E,  CoU 


Time  in  Alcohol 

Bacteria 

Viability 

Min 

Count 

A  . 

Retention 

<*  104)  % 


0 

1045 

100.0 

15 

133 

12.7 

30 

86 

8.2 

60 

69 

6.6 

180 

52 

5.0 

overnight 

1 

III.  Summary 

The  purpose  of  the  research  study  was  to  Investigate  the  feasibility 
of  freeze-dehydraiing  biological  materials  by  extracting  frozen  moisture 
with  superdry  cryogenic  liquids.  Extracted  moisture  was  continuously  re¬ 
moved  by  circulating  the  liquid  through  a  bed  of  molecular  sieves  or  other 
suitable  dessicant.  The  data  obtained  from  the  experimental  work  indicates 
the  following: 

1*  Freezs-dehydratlon  of  fromen  hydrated  gelatin  capaulea  in  liquid 
nitrogen  («19iP  C)  and  liquid  nitroua  oxide  C)  proceeds  too 

slowly  for  practical  evaluation.  Attempts  to  accelerate  the  rate 
of  moisture  removal  by  adding  Freona  to  the  cryogenic  liquida 
and  by  applying  heat  during  rehydration  were  rot  successful. 

2.  Freeze-dehydration  of  frozen  hydrated  gelatin  capsules  in  ethyl 
ether  at  dry  ice-alcohol  temperature  (-78.S°C)  achieved  70  to  80% 
drying  in  approximately  &  days.  Only  14%  dehydration  was  achieved 
with  petroleum  ether  and  60%  with  absolute  slcohol  under  comparable 
conditions  of  processing.  It  is  of  interest  that  under  cryogenic  con¬ 
ditions  moisture  diffuses  from  frosen  capsules  into  both  polur  and 
nonpolar  solvents. 

3.  The  presence  of  a  dessicant  and  agitation  of  the  dehydrating  cryo¬ 
genic  solvent  were  found  to  significantly  improve  the  rate  and  extent 
of  drying  at  dry  Ice-alcohol  temperature  (-78.5°C). 

4.  Critical  point  dehydration  with  nitrous  oxide  in  the  presence  of  a 
dessicant  was  found  to  completely  dehydrate  blood,  gelatin,  and 
meat  tissue.  The  presence  of  a  dessicant  In  the  system  was  deter¬ 
mined  to  be  essential  for  complete  dehydration.  The  dehydrated  meat 
tissues  appeared  shrunken  and  did  not  rehydrate  well. 

5.  A  sequential  vacuum  freese  drying  -  critical  point  dehydration  process 
was  evaluated  for  drying  meat  tls  ue.  Complete  drying  to  a  porous 
product  comparable  to  regular  vacuum  freeze-dried,  products  was  ob¬ 
tained.  With  the  sequential  process,  drying  from  10%  residual  moisture 
to  less  than  1%  moisture  was  achieved  in  5  hrs  as  compared  to  20  hrs 
by  regular  vacuum  fresse-drying. 

6.  Histological  examination  of  meat  tissue  dehydrated  by  the  sequential 
freeze  dry  -  critical  point  technique  revealed  no  significant  alteration 
of  structure  or  composition. 

7.  Significantly  lower  recovery  of  viable  microorganisms  was  obtained 
when  dehydrated  by  the  freeze  dry  -  critical  point  technique.  However, 
the  fact  that  viability  retention  was  obtained  under  the  conditions  of 
elevated  temperature  and  pressure  characteristic  of  critical  point 
dehydration  is  deemed  to  be  significant. 
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8.  A  modified  frees*  dehydration  procedure  is  recommended  for 

removing  moisture  from  partially  vacuum  freese-dried  biological 
materials  (10%  residual  moisture).  This  entails  extracting  the 
r«ai()ya{  moisture  In  a  antvant  st  drv  Ice-alcohol  temnerature 

—  -  -  —  ’  s  —  —  - - -  •  m 

(-78.5  C)  in  the  presence  of  a  dessicant.  Preliminary  trials  with 
*  microorganisms  indicated  that  an  innocuous  solvent  remains  to  be 

found  as  the  dehydrating  medium.  The  procedure  as  such  appears 
>  to  be  feasible  and  would  eliminate  artifacts  a.id  possibly  permit 

higher  retention  of  viability. 


IV.  Recommendations 


1.  Studies  should  be  undertaken  to  develop  further  She  technique  of 
freeze-dehydration  in  dry  cryogenic  liquids.  Included  in  the 
variables  to  be  investigated  are:  (1)  choice  of  dessicant,  (2)  sample 
sise,  (3)  need  for  agitation  of  the  dehydrating  liquid,  and  (4)  toxicity 
of  the  liquid. 

2.  Further  consideration  should  be  given  to  the  action  of  dessicants  at 
cryogenic  temperatures  with  regard  to  moisture  absorption  rate, 
pore  sise,  and  efficiency  ak*er  regeneration  at  low  temperatures. 

3.  Removing  residual  moisture  from  partially  freese-dried  biological 
materials  by  critical  poiut  dehydration  or  extraction  in  a  dry  cryogonic 
liquid  system  appears  pron*lsing.  Studies  are  required  to  elucidate 
effects  of  the  dehydration  or>  structural  integrity  and  retention  of  viability. 
An  investigation  of  means  to  accelerate  the  rate  of  dehydration  is  also 
indicated. 

4.  A  screening  study  should  be  performed  to  endeavor  to  obtain  cryogenic 

solvents  that  are  innocuous  to  biological  systems.  .) 

5.  Various  low  temperatures  other  than  -78.3°C  should  be  Investigated 
for  use  in  the  dry  cryogenic  liquid  system.  Rates  of  drying,  effects 
of  ice  crystallisation  patterns,  structural  alterations,  and  viability 
retention  need  to  be  integrated  into  the  evaluation  of  the  systems. 

6.  The  possible  advantages  of  initial  rapid  freeslng  in  liquid  nitrogen 
followed  by  dehydration  In  a  cryogenic  liquid  at  -78.5^0  or  higher 
should  be  investigated  particularly  with  reference  to  retention  of 
viability. 
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